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AVERAGE PARTICLE DIAMETER [|im3 
2.. .BRIGHTNESS DETERIORATION PERCENTAGE (I) 

(57) Abstract: A phosphor for use in a display comprising a zinc sulfide phosphor which emits ablue light by the excitation with an 
electron beam having an acceleration voltage of 3 to 15 kV, characterized in that the zinc sulfide phosphor has a crystal structure of a 
hexagonal system, and preferably has an average particle diameter depending on the acceleration voltage VE in the range of (0.0169 
X VE 1 * 9 + 2^9) ± 20 % [fi m], or which emits a green light by the excitation with an electron beam having an acceleration voltage of 
3 to 1 5 kV characterized in that the zinc sulfide phosphor has a crystal structure of a hexagonal system, and preferably has an average 
particle diameter depending on the acceleration voltage VE in the range of (0.017 X VE 1 - 9 + 2.58) ± 20 % [fi m]; and a phosphor 
for use in a display comprising a yttrium oxide sulfide or yttrium oxide phosphor which emits a red light by the excitation with an 
electron beam having an acceleration voltage of 3 to 15 kV, characterized in that the phosphor has an average particle diameter m 
the range of (0.023 X VE 1 - 95 + 2.88) ± 20 % [ U m]. 
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lEfeftl (x, y) (C;fcl*3 x^D-fitd* 0.63 — 0.67 £>$SHT. *oy® 
o.32~0.35 ©lefflO|g^fe^«:^r^ S UMo £©<fc?&3? 

^ffi^tl^^^^©AD^^ffiV E (3kV~15kV) fC*fLT, 
3$C : (0.023X V E 1 95 + 2.88) +20% [>t/m] 

ttiCO^T fi, ffiftttJ&SfeOJpa&tt^g* (0.023 X V E l-95 + 2 88 ) + 
20% [^m] *jfi*«CV*«6H4: LT ^tS^g^ttSg 

£18 js»bfc*^#jt«ii<j&*?fc*a-r*o «e^x> 
«.ffv E ifi 3kv-i5kv tm^m*mzmmLtz)$&£.&\,>Tt>s 
% m 5t & co m b# & & us & Yb * #p $ij -r « c ^ # -e ^ § 0 
fee u *6«jte©K»fl5-f h y * knytfri® j nu^ 
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m] ttSo 

^CCDlaHt Itl^feft, iJ0^^BEV E # 3kV~l5kV 4:ffi^«^tt« 

*%i0jSfe«*ffi^*ffl^tF e D«ci:<z)aimag«*«irtfr * i £ 

^stMfrWte * A ± * S - £ ** ^66 ^ * % ° 

tz&^^x&totzm**? bat?** m^m (WMm) m&ftm 

fctttrS&J#+#£ £ «ka tcaS^f ft«J: < . 0>J;ifcJ! io~30 #g 
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S«fc#U *m©«fcji*|T0!l*.« 130"CT 20hr m&&m2&XM&ft 

mmttZo tfmmmmt lx ^uiiAgco^tMi!^ cu 

10 U if lt«»Jitf 30-180 ^ggS^l, £©&£-tt#&ft 

fis&flri±m##sfl: (zns) &mamnitMWT*±'cnm-cib*>* 

is -B«i:r*A*il*©JSft«Jfift»*J:-e^ -MA&fttt 1030-H50'C© 

^a* io3o°c*«-efe^ ifemtyiz&iibz&fimom-et&mxisx^z 

SlCUSii, 30-360 #£-T£Cih#$?a:LMo #fcJ#lf£fig#&T^£ 
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fcKSf* n * l>^o ci© J: -5 tetifrb, mtm.^^%Hh<D «fc 0 
45~120 #<D$afflT*fc<5o CI <D «fc -5 ftsfettll^t?) CfciCkotx 

*bt:. ^£>nfc&$t/£+#fc^ #>£&7jcfc^T'*&L> 
10 &m 120°CT? 20hr) L* 2 & C <& S £ Jft b TTJffi**^ * Rfc* f 

«> CD 35U 7& if Sr^^te-r 2> d tiz J: oT. gfcj fc-TS A^H^OBft-fb 
ffifSm^i^v t&b^ZnS : Ag 5 M , Al Mftfc, H<ttZn 
S : Cu, Au, All^^H^S. d A#g|^©Efi 

ibm&mfttto ¥ *s $ mm u & a£ a £ & t* a b ©is h £ mse r s 

is 

25 $ ^fiSSJSti iooo~i200°cofsai:-r ^ z. ZififtZ L < . ^ 

60-360 #©$BgB£:-f£ d tifift £ U^o 
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mvtzm&z&#&v0kfttMmi&%.2ti2>$><DT-&*\,\ o jg 3©^ 
*&w<Dm.7jimwmMftfttii, anamjE** 3kv~iskv ©$5ffl©m^& 

£&;ft#©®igig£ ?-£|l^g|gfc#&fcm^ft3o ~ ©£ -5 fc^jj* 
tSiittiis m^SJtffiM^^^g (FED) tfWS^S^ 
$> Z tlizm%.£tl& * ©X'fci&^o *^B^0^^^S^m^^$r F E D 
15 St^ic^/g Ufc«£,' ^iSg©;!jDj£mjE#f£vV;i t tjBHt 5 

©^#&£8§M£-&fc±Ts «j|8te^fft#{4£|qj±;*-efc FED* 

20 *9tm<Dn9itiLmmmw&m&* m.^mmm^^^-r^^mmm (■; 

fcit.it 5 4> ©-cafe m)fe#«##&BjcD3i^£S 

25 ftffiit^ifcfc^tf *)©Tfe So 

B2«4*«w©«#ttfflsm^«ii (fed) o-mmmm^m^m 
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El 2 Cfe^Ts 1 0li7x-f^7l/-ht$.f)s if^llS 1 1 

10 

t^s, zLtit>m.%wm 1 2*j «fct^^6#s^ 1 3 ttft&Tz&ft&m 
mm^mffittzZo zo&xfam 1 2 *:^e#m*r 1 3©Kg«ijitc{± 
15 m*v>m&&mm^'n't'&i>o mytfcm r2±cii-x*^^Oi 1 4 

;>< ^M-y *)I 1 4t±, A lj&fc*f©#^t$»iilt 
>ty 1 4 fctStftttJl 1 2T^4lfc^©^^^ m^agfc^S U77 

20 C N ^ v &m 1 4 Ht? i-f ^7*1^— h 1 0 ©Bi^^^^^t^^ 

25 1 2 tfiHitdi t£K> -r*o * ^ih 
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^^fift^tife^^ 1 5 w^ntuj. ci©-7-y i 5ct^ 

flu feS^ttS i^4g&£a»6&S^*g2 1 ii N i®^iK2 1 ±{CJf$m 

$titz&m(Dw.¥i&mm* 22 t^^bt^s,, c*i£n^#tffii?^ 2 

» (X-Y@2«g) StLTl^o 

£*#fl»3 0tt7i^f77i/-h 1 0 i; y 7-7*1/— h 2 0 £: ongoing 
fc^ttJtl- Sfc So £J##3 0(i7i>f^7b-h 1 0 

l J?7 , l/-h2 0C?tLTs 7«;«j/h^^X x 2&3^J± I n-£*©^£ 
^iT7>e>^S^^^ 3 1 UTSl^*ftT^«, a^i-(X7 
b-h 1 0 N U77U--h2 0;j3J;tf;£f$#3 0i3«toT N ^fflSffcb 

7 7*U- h 2 OO^HBB^ (X-YEitt) tjltM^(57?fci 0 

^7l/-M0i:'j77l/-h20t©Sl:^ fcl&gC** (T^^BE^ 
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£ 5) C««tt*>!G?ifr«Hg:fc«*ia FE D £ b&Tijmhtji2> 0 

JtttM 1 - 

if, ffifc&tt (ZnS) lOOOg m&m (AgN0 3 ) 0.95g fcffi 

10 SS7;K-!)A (Al (N0 3 ) 3 • 9H 2 0) 13.5g £ M S©* 

^tpX-mmVfco &&&&& 970'C X 90 # t L fc o 
15 J;^t> -'B.Wjk"r 2 n S : A g, A f# £ 

tifczn's : Ag, a i mytito xm\E)$T*nM u fc t c 5, mm 
(Dte&mmztiXsTuzz. t&mm$tifto Gummas z n s 

lg t^ltAg^ 6xio -4 g> A 1 # 9XiO-4g X'$>^tzo £<Dj;d&W 
feMOZnS : A&, A 1 m.9tft* '&m? Z ftf$I¥fifi L fc „ 

20 nifc^y i 

fftfeffiffi (ZnS) lOOOg t> flg&tt (AgN0 3 ) 0.95g 

= -«j7A (ai (no 3 ) 3 -9H 2 o) i3.5 g *mmw<D7kt&fcm\\is. 

25 fifctfeo 110CTCX60 Lfco 
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<fcoT> Sfl5J:t^f6l6)tcDZ nS : Ag, A lMft^llfc. # £ 
tifcZnS : Ag, A 1 &*#cd X^®*f SUSS Lfc t £ 5, A#H* 
©«fil«ai*W LT^*c ft fco ^tttSftl/D^fifctz n S 

lg t^l/TAg*s 6xio-4 g> Alii 9xio-4 g T ^> „ J: -5 
&2g#©ZnS : Ag, A 1 m.ftft%'&i&T *«fttffffifc:tt t fc« 

mfcmm (zns) iooo g aim (asno 3 ) o.95 g , ig>ft&® 

(H Au C 1 4 ■ 4H 2 0 ) 0.035gs 3$£Vffim7J]s*-VlK (A 1 (NO 

3 ) 3 -9H 2 o) i3.5 g ^m^m.(D^n^izmm l> +#tcig£Lfc&(c 

iioo°Cx60#2: ufeo 

«toT, gfif)i:fSSM)tcZnS :Ag, Au, Al&##:£^fco 
nZtiJtZnS : Ag, Au, A 1 Xfil|I|*r £ HJii L fe t C 3 , 

& Z n S lg (C*f L N Ag#6XlO" 4 g N A U 1.5xi0-5 gs A1#9X10- 
4 g X'&ifto Z<D J; -5 ftW638#©Z nS :Ag, Au, Al 

flt'Tbstg (zns) iooog iz, mmrn ( a g n o 3) o.95 g , mmm 

(CuS0 4 -5H 2 0) 0.02g, &JiVmm7)],$-VJ> (Al (N0 3 ) 

3 -9H 2 0) i3.5 g zm^mvTkb&izmnL, ufc«t:«fc«i 
noo°Cx60 tfco 
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&-?X, iWttSfM^CZnS : Ag, Cu, AlS^SHfc, 
#£ftfcZnS:Ag, Cu, A 1 «*#©X»Hl*f tXlfi b 3 5, 
A£il^<21i£i§HiSi£* t Tl> 3 C i: #Sllg£ftfco =&#f£»J©^^g 
5 &Z n Slg £*tUT. Agtf 6X10-V C u W 5 x lO'V Altf9Xio- 
4g Trfcofco Stem&ftftCDZ n S : Ag, Cu, AltM* 

± IB L felt® 00 1 & J;tf IIJ60!I 1 ~ 3 O&m&ftftMftft&m^TM 
x 10- 3 mg/mm 3 (3mg/cm 3 ) hbfco 

is iokv, i$fg uA/mm2 0«? 

f-f^S^ti MCPD-1000 £®ffl LTi8J5£ bfco *3fef&l*<Z>'ffll3£tt* 

20 §M^^*ffl^"C^^bfcM^^IK©^«^J#^* WTO J; 

^{cbT*tt>fec £1\ m^^Mtc^n^miE lOkv, m«E2&& ioo>u 

A/mm2 10 «f««Sf LTifitt*ft**fc. ifc^T's 

10kVs tt^ttft l^A/mm 2 ©m^SSl£fia£t b 
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it£itT^&^mfti*m<Dn&) xioo(%) ] ts^^-c*«)ftc 

5 fibt^So 









mm 

(%) 




cm &mm 

(x,y) 




ZnS : Ag,Al 


100 


0.151,0.063 


71.2 


mmm\ 


ZnS : Ag,Al 


101.0 


0.158,0.041 


76.3 




ZnS : Ag,Au,AI 
(A^H) 


97.3 


0.161,0.066 


76.7 




ZnS : Ag.Cu.Al 

(A;&H) 


98.2 


0.160,0.065 


77.2 



J£«t0>J2 

sMbsiB (zns) iooo g mmm ( c u s o 4 • 5H 2 o) o.e g tm 

15 mT)\>$ -^A (Al (N0 3 ) 3 -9H 2 0) 13.5g * m^MCD*. t &lZ 

M*T*fefigUfco &J$i£#tt 970°CX90#£: Lfeo 
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<fcot. IWJ:r5IM)t©ZnS : Cu, Al^Tt^^f feo f# £> 
tl&ZnS : Cu, A 1 M. %fo<D X J^EUr* %m U i: 3 tL^mJk 

5 ig£*fb-^ c uifi i.sxio- 4 gs A l # 9xio- 4 g -e$>ofco 
ftCDZnS : Cu, A 1 MftfcZ&Tfc-r S^ttfPffi L fc. 

BStlb3E8& (ZnS) lOOOg MSg^ ( C u S 0 4 • 5H 2 0) 0.6g fcSg 
(Al (N0 3 ) 3 -9H 2 0) 13.5g £ Ml S © 2fc il 4* tC 

10 ^ilDLx +#tw«£Lfc&£$£4&L;fco ■» & ft 8l7fc#^*4*c> «Sft*5 

M^-C^^Lfco &fifc^#fci 1100°Cx60#i: Lfco 

±§SLfc&j£^£+#£7j<&:fc<fctf&*ilLs £ ?> fcttSflf * C iz 
iot, g^fc-r-SJ^fe^TteOZ n S : Cu, AlMSilfe. 
15 Z n S : C u , A 1 IM©X«@iff Slffi I fe t i: 5^ ASM 

(D&mmm&G it ^ a z ttfimuz nti* &ttmm<D < %%m.i±z n s 

lg£*tUT\ C U7i J 1.5X10- 4 g, A 1 # 9XlO- 4 g -efeofco C<Z)*lfelB 
^©ZnS : Cu, A 1 Mftfc&&t&-t StfttfflMifcffc t fco 
3t?$S0iJ 5 

20 SfHbESS (ZnS) lOOOg fifiBS^ ( C u S 0 4 v5H 2 0) 0.6g> & 
fc&Wi (HAuCl 4 -4H 2 0) 0.33g> *5 ZUffim? » K - tf A (A 1 
(N0 3 ) 3 -9H 2 0) 13.5g £ St 3 S<Z>* i: ft ttfiD V n +^l-«^U 

25 HOO'C X60#£ Ufco 

±13 t fc$«£ + #Jc7jc&*5 ivail, *6t»9Jt5:fci: 

28 



WO 01/77254 




PCT/JPOl/03108 



<fcoT> §StJtt2ii6lg*(0ZnS : Cu, Au, AliM^^lfc. 
H^feZnS : Cu, Au, A 1 MJt#.(DX1f§L®$r*mte U tz t CL 3> 

ttZnSlg fc^fbt, Cutf l.sxio-V Aut^ l.5xio-4 gN A 1 A* 9 
X10-*g ~Zib-Dlto :®i^ifi^*OZnS : Cu, Au, All 

&&j£«$0»j2 t zzMyefcrnnmrn* 100 t t gcomftmii it^ 

10 It > 7";!/ CD ¥ -e 5 o 



^2 









mm 
mnm 
(%) 


mm 


cie &mm 

(x,y) 


2 


ZnS : Cu,Al 


100 


0.294,0.620 


72.1 


mmm 

4 


ZnS : Cu,Al 
(A#il) 


88.6 


0.218,0.589 


78.2 


5 


ZnS : Cu.Au.Al j 
(A2?l|) 1 


92.4 


0.247,0.602 


77.2 



29 



WO 01/77254 PCT/JP01/03108 




##0J 1 

0&&ytM%fct tr y 2 o 2 s : e u &%&*mi& b^ ati^m^^x 

SffiT* (x, y) = (0.659, 0.335) T'fe^fco 

fcFEDStfi, ^teiMtT- 1000 mf$m.MZ-&tztZ.Z, 1000 fSKcD 

igi&& fc & v> t * A & ^ jas » t£ * a* -f s * n fc o 

15 

©ff^i&asaOfcifcfctx JP^mffi 10kV <D«^^trJ5&3^-r 

VJt««3~4fcov>Tfcra*i|-e*-*. Jn^«BEV E £ lOkV iilfel 
5£ACD<ifct 3.1-4.6//m 3.83/zm) i: & o 

20 fifcfljffilfi ( Z n S ) lOOOg tlx (AgN0 3 ) 0.95g h ffi 

m7>l$ (Al (N0 3 ) 3-9H20) 13.5g N Zblzy^yZXt 

u-ti§fb# u (kc i ) o.ig *mmm.(D7ktP;izmtov, 

25 $bfco ttfi8*M*tt 1090 a Cx75 ft\L bfco 
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<koT> Bibb? 3 m&%?fb<b Z n S :Ag, AlSMSffc. n £ 
titzZnS : Ag, A 1 Mftfc<DXm®jFr*mM bfc t Z 5> 7\JjM>m 

o&^mm&GLx^z z t&mmztitzo &^?ssyo^ws(iz n s 

Sf*lgt*fU"?\ Ag^6X10-4 gx A 1 ifi 9XlO-4 g T*S)-3fc<, 

£<D <k -5 &Hfe#Bft<Z>Z n S : A g, A 1 "T *> 

fifE-fbffiie ( z n s ) looog fc\ mmm ( a g n o 3 ) o.95 g , i^t^sr 

(H Au C 1 4 • 4H 2 0) 0.005g. &&tfffimT)\, ^ - £ A (Al (NO 
3 ) 3 • 9H 2 0) 13.5g. ^5,t77^^J: btlft* U ^ A ( K C 1 ) 
O.lg *5i^M©*t«K:»L^ £ft?>£+#fcil^Lfc&l3Jg48Ufco 

»SKi^i*bs cin^i§5ci4i?Hmtf-r-«ifiKLfco ^fig^^ti 1090-0x75 

EftfcTSWfilSftcDZ nS:Ag, Au, Al M^^^ftfco % ft 
feZnS :Ag, Au, A 1 Xi^IU^f £ Hife L fc Z 3 s A£ 

nSSff lg fc^flt, Agtfi 6xio-4 g% Auds lxio-^g, A 1 # 9x 

fc^>fco C©i^dtfg%*OZnS :Ag, Au, A 1 

Mfc&ffi (ZnS) lOOOg (c, fl^SS (AgN 0 3 ) 0.95g, mmm 
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(CuS0 4 -5H 2 0) 0.008g^ % XlFffiMTlV $ - tr A ( A 1 (NO 
3 ) 3 -9H 2 0) 13.5g N £ z> l£7 ^ y & X k. \st i&4ki ij *) & & (KC1) 

o.osg *& K M&<b7kt.&izma b. £-i-#c®<£-bfci£tc&*g t 

5 S^giC^U ^n*Ji7ctt#H^*t:^J5£Ufeo $f£lfe#yt 1090°C 
x 75 # £ b o 

|65i:tJffeM©ZnS : Ag, Cu, A imitfa&ntco £> ti 
&ZnS:Ag, Cu, A 1 X J&m If & b fe i: Z *> > A2f 

10 bTv^&c: fc#MlS£*ifco £-tt*S8»JcD#W§& Z 

nStft lg £*tbt\ Ag& 6X10- 4 g. Cutf 2X10-6 gs Altf 9X 

feofco CCi^i&fMJtOZnS : Ag, Cu, AliMSM 
■r-5^t4^<ffiic^bfep 
15 ^Jfe#J 10 

a'fb^s& (zns) iooog £ N mmm (AgNo 3 ) o.95 g tmwtT^ 

^r:<^A (Al (N0 3 ) 3 -9H20) 13.5g> Z t> \Z7 v 2 X £ M. 
to* 'J £A ( K C 1 ) 0.25g £ig^S®7.k b> cifte, £ + # 

20 sayififfitfll bT5^S-oiJK:^«b> dft£ii5Gt£§lfflMPf TfclEKb 
fco ffijft&tttt 1090"CX75#£: bfco ! 

Sflf)i:t4i6^)te0Zn S : Ag, A l^ftf* ft»nfeZn 
S:Ag, A lM^^CX^lElffSrfllfibfci:^^^ A H M © & Sill 
25 j^^LT^*;: kjPfl&BSftfco #ftm^JCD^*Mfi Z n SSft lg 
£*fbTx Ag(i6XlO-4 gN A 1 l± 9Xi0-4g c fee &£b. 
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6.1 urn Trifeofco Z<D!H&&yt<DZ n S :Ag, A m^tWk 

nmm 11 

mitm.^ (zns) iooog ic N mmrn (AgNo 3 ) o.95 g tmmriu 

(Al (N0 3 ) 3 • 9H20) I3.5 g> $^l:77>^^i:UTl 

fc* (kc i) o.osg zm%m.<D7kt&izmtiuLT, zti*-t& 

tz o mf&mm* 1090'C X75 # t u & „ 

nmh?2>m&$lft<DZ n S:Ag, A l»§#fe 0 *#£ftfcZ n 
S:Ag, A im^«:©Xi^I5I^f*||«6LfcfcCl5. A 2? H 26 © H It 

nS : Ag, AlS*ft^lt5^ttlfIi:ttLto 

mitmtfc (zns) iooog tz, (AgNo 3 ) o.95 g tmrnrji, 

* — ^ A (Al (N0 3 ) 3 -9H 2 0) 13.5g, ^C77^7Ht« 
to* £A (KC 1) o.3 g *Jta«©*a:*t:iRiDLs £*i££+#tc 
?g^Lfc&£&&Lfco fc&ft&SiftttJfiCJBfc:. itll«J:V}g1£lfi£JK« 

980°CX90#il Lfco 

<fc^T^ Bi$£:-fSW6&#©ZnS :Ag, A lM^Hfc, 
JifcZnS : Ag, A 1 $ A#:©X)^|n|#f % MM t fc i: C 3, A^ii^ 
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# 



# 



^#lgfc*rtT\ Ag#6X10- 4 g, A 1 # 9X10-4 g T o fc„ 

tt 6.3 Mm T'to-otco C © Z n S : Ag, Aim 

* m «e r a m £ & t o 



s mt&® (zns) looog mmm (AgNo 3 ) o.95 g tmm7>)v 

A (Al (N 0 3 ) 3 • 9H 2 0) 13.5g, $ *> £y 7 v P X £ i& 

-fb*u (kc i) o.3 g *m^m<D7kt#izmi}u l> cm^*+^tw 

10 tefiJUMtl* 980'CX75 ftt Lfco 

±f3Ufc$J&^£+#£7jci5fci3 £ fctff£«l U 2 % KSSS'JT 5 d £ tc 
( to•C^ |lSDi:t5ffil63fcOZ nS : Ag, A lStft#£*#fco £ 
tifeZnS : Ag, AliM.©X»0*r4«ltl/fcJ:35, al^H© 

#©Z n S : A g, A 1 3fSttWfiflit:« L fco 

±13 Lfc9S»« 7-11 * «fc VJ£«t« 3-4 <D#flrfi«3te&3tetf:£ffl 

^jfrttJROfffltiliEfafrfc^^TfctN 20kV t 

bfc®£-tc^>^T *> untie uT##>fco ;un&©i»g*fc&3 i:^r. =& 

25 ^3 



Jt««4 
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#fe#g}fcm#;te (lOkVffl) 


(lOkV) 


(%) 


mm 


mm 


(Mm) 


Ifr2e 

10kV 


SEE 
20kV 




ZnS:Ag,Al 




4.0 


100 


78 


75 




ZnS:Ag,Au,Al 


A^H 


4.2 


99 


77 


74 




ZnS:Ag,Cu,Al 




3.5 


no 

98 


75 


77 


H M #1 

10 


ZnS:Ag,Al 


t^H 


6.1 


104 


67 


74 


^ 0m 
ii 


ZnS:Ag,Al 




3.0 


93 


68 


73 


itPJ3 


ZnS:Ag,Al 




6.3 


100 


70 


73 




ZnS:Ag,Al 




5.8 


100 


64 


66 



i) ^T*i«»ana«ffi^ iokv <om : r-i&*mmi,izm<Dmmmft* 
ipam&^jtiJKffiv^^ » <3kv~i5kv) T«rjB*-**jRSE«fcjin 

10 S £ i:fc<fc o fM^g^IftSA*^^© ZnS :Ag, All 
15 $4 





WfeSB^Sfctett (lOkVffl) 


mm 
mm 








(10kV) 


(%) 
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mm, 


mm 


(Mm) 




ms. 

lOkV 


mm 

20kV 




ZnS:Ag,Al 




6.4 


104 


67 


74 




ZnS:Ag,Al 


A2jH 
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